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Abstract 
Clay bricks fired using a traditional slow cycle and an innovative fast cycle were compared from 
the microstructural and mechanical viewpoints. Tests were performed on both a laboratory and a 
semi-industrial scale. For products with equivalent water absorption, fast firing leads to higher 
bend strength, lower bulk density, greater mean pore size and improved frost resistance. Firing 
shrinkage and pore size selection seem to depend on carbonate content and the clay particle size. 
Maximum temperatures are 50-100 °C higher in rapid firing, which would make it possible to obtain 
products with equal or even better properties than those achieved with traditional firing cycles. 
 
 
Introduction 
 
Fast firing is probably the most important process innovation that is being introduced in 
clay brick production.1,2 In fact, the possibility of firing bricks and roofing tiles using cycles 
lasting just a few hours began to be evaluated in the second half of the Eighties, following 
the technological updating implemented by the tile industry.3,4 
Initially, the proposals from industry involved special tunnel kilns5,6 and bar kilns,7,8 but 
subsequently the interest shifted to roller kilns.9-12 The first industrial trials on fast firing 
were carried out in 1989 in Germany (Niederdorfner Ziegelei) and in 1992 in Italy (SILS 
Torrenieri); others followed over the last few years.13-17 
In the literature, there are numerous contributions which discuss the advantages of fast 
firing in terms of energy savings and process flexibility, but there is a very limited number 
of papers which also compare the technological properties of the fired products using fast 
and traditional cycles.9, 18-19 
The purpose of the present note was to compare, at the laboratory level and on a semi-
industrial scale, the microstructure of clay bricks with a different composition obtained, 
respectively, through slow traditional firing and fast firing. The objective was to highlight 
the influence of fast cycles (shorter duration but higher temperature) on porosity, pore size 
distribution, phase composition, mechanical properties and durability of clay bricks. 
 
 
Materials and Methods 
 
Twelve clays were examined which are representative of the raw materials used currently 
by the Italian brick industry. In their entirety, they offer a wide range of chemical and 
mineralogical compositions (Table 1) and particle size distributions (Fig. 1). 
Laboratory scale tests were carried out on 10 samples (A-J), while the remaining 2 clays 
(K and L) were used to perform the semi-industrial tests, making a comparison between a 
pilot plant and the respective industrial kilns. 
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In the laboratory, the clays were dry ground (jaw crusher and hammer mill) then mixed 
with a quantity of water that was slightly greater than their plastic limit and allowed to age 
for 48 hours. Bars with dimensions 10x2x1 cm were shaped with a pneumatic extruder 
without vacuum. Drying occurred first at room temperature (48 h) and then in an oven at 
100 °C (24 h). Firing was carried out both using a traditional slow cycle in an electric 
chamber kiln (24 hours from cold to cold; maximum temperatures 900, 1000 and 1100 °C) 
and a fast cycle in an electric roller kiln (3 hours from cold to cold; maximum temperatures 
1000, 1050 and 1100 °C). 
The fired samples were characterised by measuring the firing shrinkage (ASTM C-326), 
boiling water absorption (UNI 8942/3) and the bend strength (EN 100). Based on this data, 
a pair of maximum firing temperatures was selected for each clay which gave a similar 
water absorption value for both slow and fast cycles. In fast firing such temperatures are 
obviously higher, by 50-100°C, compared with tradit ional firing. This choice became 
necessary in order to minimise the difference in porosity of the materials, which might 
significantly influence the mechanical and microstructural properties to be investigated. 
Porosimetric analysis was carried out by mercury intrusion (Fisons Porosimeter 2000) on 
each pair of test specimens (slow-fast firing) determining the open porosity, bulk density 
and pore size distribution. In particular, the following parameters were calculated: median 
diameter (Φ50 or 50th percentile of the porosimetric curve); mean diameter [(Φ84+Φ50+Φ16) 
/ 3]; critical diameter (Φ90) and pore size selection [(Φ84 – Φ16) / 4 + (Φ95 – Φ5) / 6.6]. 
The quantitative phase composition on the same samples was evaluated using X-ray 
diffraction (Rigaku Miniflex with radiation Cu Kα) by means of the matrix flushing 
method.21 
Dried industrially produced artefacts, in particular an extruded vertically perforated brick 
(~25x12x12 cm; clay K) and a soft-mud facing brick (~25x12x6 cm; clay L), were used to 
perform the semi-industrial tests. Slow firing was carried out in the appropriate industrial 
tunnel kilns, while a pilot roller kiln (length 32 m and operative width 0.8 m) was utilised to 
carry out the fast firing, the cycle being of 5 h with a permanence of 30 minutes at the 
maximum temperature of 1080°C. 
The same analyses that were performed on the laboratory samples were also carried out 
on these products, except for the phase composition. With regard to the L brick, the 
compressive strength, perpendicular to the main face, was also measured (UNI 8942/3). 
 
 
Comparison between Slow Firing and Fast Firing 
 
Technological properties 
The results for water absorption, firing shrinkage and bend strength are reported in Table 
2 for slow and in Table 3 for fast firing. 
To make a significant comparison between these results, conditions were created that 
were as close as possible to those existing in industrial plants. Therefore, one pair of 
samples for each clay was examined, one fired using the slow cycle and other using the 
fast cycle, the water absorption of which was similar (Fig. 2) and, in any case, as close as 
possible to that of the respective industrial products (Table 4). The corresponding firing 
temperatures obviously differed in relation to the different cycles utilised in the laboratory 
and in the various brickworks. 
With regard to firing shrinkage, results showed an oblique trend with respect to the straight 
line 1:1 (Fig. 3). In fact, for low shrinkage values, which are characteristic of clays that are 
more or less rich in carbonates, the slow firing led to a greater shrinkage. However, with 
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non-carbonatic clays (C and F) or raw materials with a very fine particle size (G and J), 
shrinkage was proportionately higher in rapid firing. 
The bend strength of samples fired using the fast cycle was almost always greater than 
that of the samples treated with the traditional cycle (Fig. 4). The difference varied from 
10% to more than 100% of the value recorded in slow firing in 7 of the 10 cases studied. 
 
Porosimetric characteristics 
Though samples with analogous water absorption values were specially selected, they 
exhibited some small differences in open porosity. In fact, proportionately higher values 
seem to occur in the slow-fired products for low porosities and vice versa for high 
porosities (Table 5). 
The products fired using the traditional cycle systematically had a bulk density equal to or 
greater than that of the corresponding fast fired products, with a single exception (Fig. 5). 
These differences were sometimes negligible, but in half of the fast fired samples the bulk 
density decreased an average of 8% with respect to the value measured on the products 
fired with the traditional cycle. 
Fast firing showed a clear shift of the pore size distribution toward greater values. In 
effect, the mean pore diameter was always greater in the products fired in the roller kiln 
(Fig. 6), and in some cases remarkable differences occurred. There was only one 
exception involving the only clay (B) for which the comparison between slow and fast 
cycles was made with reference to the same firing temperature (1100 °C). 
The uniformity of the pore diameters is expressed by their selection value: the lower the 
value the more the pore sizes are similar to each other. When comparing slow and fast 
firing, this parameter varied apparently in relation to the composition of the clays (Fig. 7). 
Clays rich in carbonates and/or with a very fine particle size (D, G, I and J) had lower 
values in slow firing, which therefore indicates a greater uniformity of pore size in slow 
fired material. In contrast, for clays without carbonates (C and F), the selection values 
were lower for fast fired material. Finally, there were 4 samples (A, B, E and H) which had 
only small variations in pore selection values. 
 
Durability 
To evaluate the durability of the materials and, in a particular manner, their frost 
resistance, two parameters taken from the porosimetric curves were examined: critical 
diameter and durability factor. 
The critical diameter indicates the size below which 90% of the porosity remains (Φ90). 
The higher the frost resistance of the artefacts the greater the critical diameter.22,23 To this 
regard, the Italian standard UNI 8635 states that a roofing tile can be considered to be 
frost resistant if its critical diameter is ≥ 1.8 µm. 
The Maage durability factor (DF) takes into account both the porosity and the pore fraction 
> 3 µm.24 The frost resistance is greater for products with high DF values. Two limiting 
values have been proposed above which a material is considered to be frost resistant: 70 
for masonry bricks25 and 90 for paving bricks.26 
Fast fired products had higher values of both critical diameter and durability factor (Table 
5 and Fig. 8) with only two exceptions, one of which was the aforementioned sample B, 
treated at the same maximum temperature both in rapid and traditional firing. 
It follows that fast firing, which leads to a general increase in pore size, increases the frost 
resistance with respect to traditional firing. 
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Phase composition 
The comparison between the phase composition of products fired using the fast and 
traditional cycle is reported in Table 6, while Fig. 9 illustrates a comparison relative to the 
contents of quartz, calcium silicates (plagioclase + pyroxene + wollastonite + melilite) and 
the amorphous component. Such a comparison indicates the trends described below. 
Quartz was more abundant in the products fired in the chamber kiln. Evidently, the effect 
of the firing temperature, which in the fast cycle was 50-100°C higher than in the slow 
cycle, on the reactivity of the quartz is greater with respect to time. In other words, the 
higher temperature adopted in rapid cycles increased the involvement of quartz in the 
reactions with formation of amorphous and crystalline phases. 
The quantity of calcium silicates formed during fast and slow firing did not vary 
significantly. The mutual ratios between the various newly formed phases (plagioclase, 
pyroxene, wollastonite, melilite) also did not seem to be significantly influenced by the 
firing cycle but rather to depend to a great extent on the composition of the raw material. 
The amorphous component was often more abundant in the products fired in the roller 
kiln. This situation, among other things, might account for the lower bulk density measured 
in rapid firing, since the amorphous phase probably has a lower density with respect to the 
crystalline phases from which it is derived. 
With regard to the remaining components, it was not possible to obtain clear trends. For 
example, fast fired products exhibited, in 6 cases out of 10, a decrease in potassium 
feldspar. Other compounds, which represent “intermediate” phases of the firing reactions 
(periclase, spinel, calcite deriving from recarbonation of CaO), were present only in small 
amounts and were not easily comparable. When they varied, they tended to be more 
abundant after rapid firing. As far as hematite is concerned, the data was conflicting, since 
there were cases in which the amounts increased, decreased or remain constant with the 
same frequency.  
 
Semi-industrial tests 
The results of the semi-industrial tests, performed at the same time in industrial tunnel kiln 
(slow cycle) and in a pilot roller kiln (fast cycle), are summarised in Table 5 for the 
porosimetric characteristics and in Table 7 for the technological properties. 
The results basically confirmed what was determined from the laboratory tests. In this 
case, it is also possible to compare fast and traditional firing since the water absorption 
values were very similar. 
Firing shrinkage did not vary significantly (clay K) or was less when the fast cycle is used 
(clay L). 
The mechanical properties were more or less the same for both firing processes with 
sample K, while with L the bend and compressive strengths were higher for the slow cycle. 
This is largely related to microcracks which formed during the cooling phase in the roller 
kiln, to the detriment of the mechanical properties. This effect is due to the phase 
transformation β → α of quartz, which is particularly abundant in clay L (42%). 
With regard to the porosimetric characteristics (Figs. 5, 6 and 7), the results confirmed that 
there were larger pores and lower bulk densities in fast fired material but with no 
significant change in pore selection. 
As already proved by the laboratory tests, rapid firing also tended to increase the frost 
resistance, since it increased the critical pore diameter. However, the durability factor 
increased only in clay K fired in the roller kiln (Table 5). With clay L, there was no benefit 
from fast firing, but it should be noted that the DF value after slow firing was already very 
high (~200) and falls well within the range for frost resistant products (>90). 
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Conclusions 
 
A comparison of the traditional slow cycle with fast cycle firings on both a laboratory and a 
semi-industrial scale highlighted some general trends in the microstructural characteristics 
and mechanical properties of fired clay bricks. For products with equivalent water 
absorption values, fast firing (around 3-5 h from cold to cold) led to: 
• lower firing shrinkage (carbonatic clays) or higher for clays without carbonates and/or 
with a very fine particle size; 
• higher bend strength; 
• lower bulk density; 
• greater mean pore size; 
• greater pore size selection (non-carbonatic clays) or worse selection for clays rich in 
carbonates; 
• greater frost resistance. 
With regard to phase composition, rapid firing seemed to decrease the quartz content and 
often increased the quantity of amorphous phase. The content of newly formed calcium 
silicates did not vary greatly in relation to the firing cycle, nor were there any significant 
changes in the mutual ratios between plagioclase, pyroxene, wollastonite and melilite. 
With regard to other phases (potassium feldspar, hematite, periclase, spinel, calcite) there 
were no discernable trends. 
Semi-industrial tests substantially confirmed the results of the laboratory but the much 
greater size of the samples may have had some influence on the results. 
Fast firing would make it possible to obtain products with water absorption equivalent to 
slow fired material and properties equal to or even better (greater mechanical strength, 
greater frost resistance, lower bulk density) than those obtained by the traditional slow 
firing technique. These results seem to be valid for a very wide range of compositions of 
raw materials. 
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Table 1 Chemical and mineralogical composition of clays (cg⋅g-1). 
 
Sample A B C D E F G H I J K L 
SiO2 56.0 54.2 67.7 53.7 51.9 65.9 47.9 50.8 39.6 53.6 54.5 68.6 
TiO2 0.7 0.7 0.9 0.6 0.7 0.7 0.7 0.5 0.6 0.9 0.7 0.7 
Al2O3 14.0 14.3 15.9 12.5 12.4 15.7 12.4 12.5 10.7 14.5 12.5 14.2 
Fe2O3 5.9 5.3 5.8 4.7 5.5 5.5 4.9 3.7 3.9 6.1 4.9 5.1 
MnO 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
MgO 2.2 3.4 1.3 2.5 3.4 3.2 2.9 2.1 2.9 2.2 2.8 2.4 
CaO 6.6 6.3 0.6 10.2 10.5 0.6 13.0 13.5 20.0 7.3 9.5 1.2 
Na2O 0.8 1.3 0.7 1.1 0.9 1.1 1.3 1.1 0.7 1.2 1.1 1.5 
K2O 2.9 3.2 1.7 2.4 2.1 2.7 2.4 1.9 2.0 2.1 2.7 2.4 
P2O5 0.1 0.2 <0.1 0.1 0.1 0.1 0.2 0.1 0.2 0.2 0.1 0.1 
L. o. I. 10.8 11.6 6.0 12.3 13.1 4.7 14.3 14.6 19.8 12.8 11.4 3.8 
Quartz 33 30 40 30 28 38 24 28 23 27 33 42 
Feldspars 5 10 8 8 6 11 12 8 6 8 9 17 
Calcite 12 6 - 18 19 tr. 23 22 31 13 17 - 
Dolomite - 11 - - - tr. tr. 4 8 tr. - - 
Illite 26 28 27 22 20 25 23 25 20 33* 24 21 
Kaolinite 3 tr. tr. 3 4 4 3 tr. 4 5 9 4 
Chlorite 7 3 3 8 11 10 10 6 4 7 tr. 10 
Smectite 7 6 15 6 7 7 tr. tr. tr. tr. 2 tr. 
Fe-oxides 5 2 5 3 4 4 3 4 3 5 3 4 
Accessory 2 4 2 2 1 1 2 3 1 2 3 2 
* Interstratified illite/smectite 
 
 
Table 2 Technological properties of clays fired with slow cycle 
  (laboratory chamber kiln) 
 
 Water absorption (cg⋅g-1)  Firing shrinkage (cm⋅m-1)  Bending strength (MPa) 
Clay 900°C 1000°C  1100°C   900°C 1000°C  1100°C   900°C 1000°C  1100°C  
A 16.9±0.9 16.7±0.4 11.5±1.4  1.0±0.3 0.9±0.2 2.1±0.3  15.2±0.7 16.5±1.1 20.1±2.8 
B 27.5±0.3 28.7±0.7 26.0±0.3  0.0±0.3 0.0±0.3 0.8±0.4  4.5±0.5 5.0±0.4 8.7±0.8 
C 21.1±0.2 19.2±0.6 13.1±0.1  0.5±0.4 1.3±0.3 4.5±0.5  5.4±0.6 7.7±0.4 14.8±1.1 
D 21.3±0.9 22.5±0.3 16.4±1.7  0.9±0.5 0.8±0.7 2.3±0.6  15.3±1.4 17.6±1.4 25.0±0.5 
E 18.5±0.6 20.1±1.2 17.5±0.6  0.8±0.1 1.2±0.2 1.7±0.4  17.7±0.8 17.8±0.8 22.6±2.1 
F 15.1±0.6 12.7±0.3 2.6±0.5  0.8±0.3 2.0±0.3 6.8±0.2  13.1±0.5 14.1±0.8 23.4±1.5 
G 16.2±0.2 17.3±0.2 1.8±0.2  2.1±0.5 2.0±0.4 5.1±0.3  23.5±2.9 26.8±1.2 47.0±8.0 
H 20.2±1.1 18.3±0.2 17.0±1.0  0.6±0.6 0.6±0.4 1.8±0.4  5.7±0.8 10.9±0.6 17.1±1.6 
I 19.9±0.5 22.0±0.9 23.1±1.0  3.0±0.3 2.9±0.4 2.9±0.3  19.5±2.4 26.2±1.4 32.0±2.4 
J 11.9±0.7 11.6±0.9 2.7±0.3  0.8±0.6 1.5±0.7 4.0±0.5  15.0±1.8 16.2±1.9 35.1±3.5 
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Table 3 Technological properties of clays fired with fast cycle 
  (laboratory roller kiln) 
 
 Water absorption (cg⋅g-1)  Firing shrinkage (cm⋅m-1)  Bending strength (MPa) 
Clay 1000°C  1050°C  1100°C   1000°C  1050°C  1100°C   1000°C  1050°C  1100°C  
A 16.8±0.3 17.0±0.4 14.2±0.9  0.3±0.3 0.7±0.3 1.0±0.1  18.7±0.8 17.5±0.8 21.1±2.0 
B 27.5±0.8 27.9±0.8 26.1±0.4  -0.1±0.1 0.0±0.1 0.4±0.2  5.4±0.4 5.9±0.8 8.8±0.8 
C 20.2±0.7 19.0±0.2 15.7±0.6  0.8±0.2 2.3±0.1 3.7±0.2  7.2±0.6 8.4±0.3 12.6±0.9 
D 23.6±0.8 23.4±0.9 22.5±0.6  0.3±0.3 0.3±0.3 0.6±0.3  16.9±1.6 20.1±0.8 23.5±1.8 
E 19.4±1.2 20.4±1.0 18.8±0.4  0.1±0.1 0.4±0.3 0.5±0.2  16.3±2.0 15.4±2.0 22.1±1.4 
F 13.0±0.3 10.2±0.4 4.2±0.6  1.3±0.3 3.8±0.2 5.7±0.4  15.2±0.9 17.2±0.6 21.7±0.9 
G 21.7±0.6 21.2±0.6 16.3±1.2  1.1±0.4 1.3±0.3 2.7±0.2  20.3±1.9 18.5±4.1 22.2±2.9 
H 21.1±0.2 21.5±0.2 20.4±0.4  0.1±0.1 0.4±0.4 0.3±0.2  12.0±0.5 13.6±1.2 15.4±0.7 
I 22.8±0.7 24.6±0.5 25.4±0.4  1.3±0.4 1.8±0.5 2.7±0.6  21.9±1.7 20.6±1.3 10.8±2.2 
J 20.9±1.2 15.2±1.0 §  0.3±0.1 1.4±0.7 §  21.5±2.2 20.8±3.6 § 
§
 deformation with “black core” 
 
 
 
 
 
 
 
 
 
 
Table 4 Samples chosen for the comparison of fast versus slow firing 
 
 Maximum firing temperature (°C)  Water absorption (cg⋅g-1) 
Clay Industrial 
product 
Slow firing 
(laboratory) 
Fast firing 
(laboratory) 
 Industrial 
product 
Slow firing 
(laboratory) 
Fast firing 
(laboratory) 
A 910 900 1000  16.5 16.7 16.8 
B 880 1100 1100  25.0 26.0 26.1 
C 930 1000 1050  18.7 19.2 19.0 
D 1000 1000 1100  22.0 22.5 22.5 
E 930 1000 1050  22.9 20.1 20.4 
F 950 900 1000  11.9 15.1 13.0 
G 940 1000 1100  21.2 17.3 16.3 
H 950 900 1000  20.4 20.2 21.1 
I 880 900 1000  21.9 19.9 22.8 
J 900 1000 1050  12.8 11.6 15.2 
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Table 5 Porosimetric characteristics of clays fired using the fast cycle and the slow traditional cycle 
 
 SLOW FIRING  FAST FIRING 
Clay Open Bulk Pore size (diameter) Maage  Open Bulk Pore size (diameter) Maage 
 porosity density Mean Median Selection Critical Durability  porosity density Mean Median Selection Critical Durability 
 cm3·g-1 g·cm-3 µm µm  µm Factor  cm3·g-1 g·cm-3 µm µm  µm Factor 
A 0.192 1.80 0.78 0.8 0.8 1.0 29  0.182 1.80 0.87 1.0 0.4 1.4 23 
B 0.264 1.59 3.40 3.8 1.8 5.7 145  0.271 1.46 2.31 2.1 1.2 4.0 92 
C 0.206 1.77 2.18 2.0 3.4 3.0 89  0.191 1.77 3.07 3.0 1.9 4.8 113 
D 0.253 1.57 1.03 1.1 0.4 1.3 21  0.233 1.66 1.68 1.8 2.9 2.2 33 
E 0.235 1.71 0.78 0.8 0.2 1.0 17  0.233 1.56 0.80 0.9 0.3 1.2 23 
F 0.168 1.85 1.05 0.9 3.3 2.1 37  0.136 1.80 1.25 1.3 0.9 2.2 36 
G 0.217 1.78 0.63 0.6 0.7 0.9 27  0.231 1.77 2.25 2.0 3.5 4.6 77 
H 0.216 1.74 1.17 1.1 1.4 3.5 39  0.227 1.62 1.67 1.4 1.3 4.0 57 
I 0.246 1.67 0.52 0.6 0.4 08 24  0.272 1.66 0.65 0.6 1.2 1.0 25 
J 0.158 2.01 0.42 0.4 1.0 0.7 32  0.142 1.75 2.80 0.4 11.3 20.0 76 
K 0.203 1.77 0.52 0.6 0.3 0.8 19  0.205 1.76 0.98 0.9 0.3 1.6 25 
L 0.241 1.67 4.17 4.5 2.9 6.0 203  0.241 1.64 5.67 6.0 3.8 8.0 202 
 
Published on the British Ceramic Transactions, 98 (1999) 12–18. 
Copyright © 1999 IoM Communications Ltd. All rights reserved. 
 10 
Table 6 Quantitative phase composition (cg⋅g-1) of clays fired using fast and slow cycles. 
 
Samples A B C D E F G H I J 
 
slow fast slow fast slow fast slow fast slow fast slow fast slow fast slow fast slow fast slow fast 
Quartz 23 24 18 21 44 38 15 14 17 16 33 28 12 12 26 22 12 12 17 12 
K-feldspar 10 16 13 15 14 8 8 8 10 13 14 18 6 4 13 12 6 4 8 7 
Plagioclase 12 24 26 24 11 11 24 25 23 18 22 17 31 39 21 19 13 10 42 38 
Pyroxene 6 9 12 11 - - 28 29 20 12 tr. 1 42 37 8 12 25 28 9 10 
Wollastonite 2 4 2 3 tr. tr. 5 7 5 6 - - 6 5 7 4 10 8 3 4 
Melilite 6 tr. 3 6 - - 3 tr. 9 9 tr. tr. - - 13 14 31 31 tr. tr. 
Calcite 4 tr. - tr. - - 1 1 1 2 tr. - 1 1 7 6 3 3 - tr. 
Hematite 3 4 tr. 2 2 2 2 2 1 2 3 3 tr. tr. 3 1 tr. 2 5 2 
Spinel - - tr. tr. - - tr. tr. - - - - tr. tr. 1 2 - - 2 1 
Periclase tr. 1 tr. 2 - tr. 2 2 tr. tr. - - 2 2 1 2 tr. 2 tr. tr. 
Amorphous 34 18 26 16 29 41 12 12 14 22 28 33 - - - 6 - - 14 26 
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Table 7 Firing conditions and technological properties of clay bricks fired 
  with slow cycle (industrial kiln) and fast cycle (pilot plant) 
 
Property Clay K  Clay L 
 Industrial 
kiln 
Pilot 
plant 
 Industrial 
kiln 
Pilot 
plant 
Firing temperature (°C) 1000 1080  980 1080 
Firing time (hours, cold-to-cold) 24 5.5  72 5.5 
Water absorption (cg⋅g-1) 16.6 15.6  22.4 22.1 
Firing shrinkage (cm⋅m-1)  -0.2   0.0    1.2   0.6 
Bending stength (MPa) 21.1±2.4 19.6±2.4    4.5±0.5 3.6±1.0 
Compressive strength (MPa) n.d. n.d.  11.8±1.9 8.9±1.1 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Particle-size distribution of clays and their classification on the basis of Winker 
diagram.20 
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Fig. 2 Comparison of the water absorption of clay bricks fired using slow versus fast 
cycles. 
 
 
Fig. 3 Comparison of the linear shrinkage of clay bricks fired using slow versus fast 
cycles. 
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Fig. 4 Comparison of the bending strength of clay bricks fired using slow versus fast 
cycles; bars indicate the standard deviation of measures. 
 
 
 
Fig. 5 Comparison of the bulk density of clay bricks fired with fast versus slow cycles. 
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Fig. 6 Comparison of the mean pore diameter of fast versus slow fired clay bricks. 
 
 
Fig. 7 Comparison of the pore size selection of clay bricks fired with fast versus slow 
cycles. 
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Fig. 8 Comparison of the Maage durability factor of clay bricks fired with fast versus 
slow cycles 
 
 
Fig. 9 Comparison of the phase composition 
                 (cg⋅g-1) of clay bricks fired with fast 
                 versus slow cycles 
